The Type-II Japanese Conocephalum conicum, which is known to have (+)-bornyl acetate as a marker compound, was put in the stressed condition to start biosynthesis of a phenyl propanoid, trans-methyl cinnamate. Analysis of the HS-SPME GC/MS of stressed C. conicum showed trans-methyl cinnamate as a major component. This phenomenon results in some confusion from the chemotype perspective since trans-methyl cinnamate is only present in type-III Japanese C. conicum.
Liverworts are rich sources of mono-, sesqui-and diterpenoids, as well as bi-and bis-bibenzyl and acetogenin derivatives [1a-d] . In addition, some of these compounds can also be found in higher plants in the form of their enantiomers. Liverworts possess beautiful oil bodies, in which terpenoids and aromatic compounds accumulate.
Conocephalum conicum (L.) Underw. is one of the largest liverworts belonging to the Conocephalaceae family (Marchantiophyta) and is widely distributed in Asia and Europe. Crushed C. conicum emits a strong, sweet, mushroomy odor, which indicates the presence of 1-octen-3-ol and 1-octen-3-yl acetate [1a-d] . Studies on the chemical constituents of Japanese C. conicum demonstrated the presence of three chemotypes, namely; type I-βsabinene, type II-bornyl acetate, and type III-trans-methyl cinnamate [2] . This classification was independently confirmed by bryologists [3] . We also reported that there are several cryptic species of C. conicum in Europe [4] . The chemical analysis of C. conicum that is discussed in this article allows us to make several hypothesizes towards the chemotype classification of these liverworts.
Type-II Japanese C. conicum was cultured in two different environments; in an open styrofoam box and in a closed glass vessel. When stored in a glass vessel for a long time, the liverwort dramatically changes morphologically to form fine, thin gametophytes, which appear to be totally different plants from the original ones. Figure 1 shows the original C. conicum and after 9 months of stress.
The 1, 3, 6 and 9 months old samples from both environments were collected and analyzed using headspace GC-MS. The same samples also were crushed and extracted with diethyl ether to give green extracts, which were analyzed by GC-MS. Analysis of the volatile components in the ether extract of stressed and unstressed C. conicum (Table 1) showed that (+)-bornyl acetate was present as a major compound (23% and 19%) in both conditions, respectively, but after a certain time of storage, this component totally disappeared. The same situation happened to the second major compound, α-farnesene (17% and 12%) for stressed and unstressed The third major component was 3,4-dimethoxystyrene, the level of which increased from 1-2.1% for the unstressed samples and from 6.6-19.7% for the stressed samples. The same increment pattern was observed for the second major component, which is trans-methyl cinnamate. The amount of this compound increased from 1-6.6% for the unstressed sample and from 35.3-50.2% for the stressed sample.
GC-MS
Comparing the amount of the major compounds (both GCMS and SPME-GC), the patterns are still the same. However, according to [2] , neither cis-nor trans-methyl cinnamate should exist in the type II C. conicum. This phenomenon shows that the biosynthetic pathway for phenyl propanoids operates well in C. conicum (type-II) when a stress condition is applied to the plant, for example, by storing the sample in a small vessel for a long time, or by placing it in the dark.
The appearance of cis-and trans-methyl cinnamates in the stressed C. conicum (type-II) results in some confusion from a chemotype perspective. The confusion is due to the presence of trans-methyl cinnamate (type-III) as the major component in the stressed sample, instead of (+)-bornyl acetate. Type-III C. conicum (major: transmethyl cinnamate) can only be found in mountain areas. To our knowledge, the stressed C. conicum is apparently different from the type III due to the presence of (+)-bornyl acetate. If this monoterpene acetate completely disappears under stressed conditions in the field, its chemotype classification should be considered carefully. In addition, the quality of the aroma of the stressed C. conicum is very high, so that its crude solvent extracts have potentially significant value for the perfume and cosmetic fields.
Experimental
Plant material: Conocephalum conicum (Type II) was collected in September 2014, at Tokushima Bunri University. The liverworts were identified by Prof Yoshinori Asakawa; a sample is deposited in the herbarium of the Tokushima Bunri University. The liverworts were cultured in two different environments: one in an open styrofoam box and the second in a closed glass vessel. All samples were cultured for 1, 3, 6 or 9 months.
Fresh samples were cut into 1 cm pieces (0.1 g) and kept in 20 mL vials that were completely closed. The headspace gas was adsorbed on a PDMS/DVB type fiber at 60 o C for 20 min. Fresh samples (2 g) were crushed and extracted with Et 2 O and filtered through silica gel to remove all the moisture. They were then analyzed using GC-MS.
Compounds were identified using a computer-supported spectral library; Mass finder (2008), and the library database of the Faculty of Pharmaceutical Sciences, Tokushima Bunri University. 
